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LAMINATED NUT WITH CENTER TENSION
SLEEVE

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a continuation-in-part of U.S. patent
application Ser. No. 11/641,096, enfitled “LAMINATED

NUT WITH CENTER TENSION SLEEVE”, filed Dec. 19,
2006 now U.S. Pat. No. 7,670,092, which claims the benefit
of U.S. Provisional Patent Application Ser. No. 60/751,289,
entitled “LAMINATED NUT WITH CENTER TENSION
SLEEVE”, filed Dec. 19, 2005.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to laminated nuts for bolts or
threaded stud loading and assembly. In particular, the present
invention relates to a laminated nut structure having a center
threaded tension sleeve.

2. Description of the Prior Art

Conventional hex nut structures create an uneven load con-
centration when assembled on a mating bolt device. Typi-
cally, the load concentration occurs at the lower two to three
threads. Conversely, the load concentration on the upper
threads 1s reduced primarily due to dilation of the nut’s upper
internal diameter as load 1s placed on the nut, resulting 1n
increased shear forces on the bottom threads. The end result
often 1s loosening of the nut when it 1s subjected to vibration,
leading to ultimate failure of the nut and bolt connection.

In order to overcome the limitations of conventional nut
and bolt assemblies, laminated hex nut structures were devel-
oped. These structures use a series of laminations with a
threaded internal bore to match an associated bolt and a cage
holding the parts together. Typically, the nut structures
include a bottom plate or washer retained by the cage. Prior
art laminated nut structures are disclosed 1n a series of patents
to Reynolds, which are incorporated herein by reference, U.S.
Pat. Nos. 4,383,787;4,900,209; 4,930,962; 4,940,377, 4,984,
319; 5,017,079 and 5,049,017. However, a problem with the
caged design and threaded laminations 1s caused by detlec-
tion of the laminations under load, this can cause the internal
threads to change angle at the point of loading with the bolt.
The result can be thread erosion and wear on the bolt or male
threads. In addition, reduction of the inside diameter of the
laminations contributes to thread erosion. The specific area 1s
the crown of the male thread and root of the female thread.
The end result 1s a compromised nut and bolt assembly, as
well as reduced reusability. The conditions related to thread
erosion are usually a result of installation over torqueing and
the present invention overcomes this problem, as the sleeve
type laminated nut of the present ivention will support
higher loads per thread of engagement.

SUMMARY OF THE INVENTION

In accordance with the present invention, an improved
laminated nut structure 1s provided to eliminate the disadvan-
tages of the prior art. The nut structure of the present invention
utilizes a stacked series of conical spring discs formed into a
laminated stack with a center tension tube or sleeve that i1s
threaded to conform to a mating bolt structure to ensure
reliable bolt loading and connection assembly. The stacked,
conical spring disc laminations are hex shaped on the outer
periphery to provide wrenching surfaces for nut installation
and removal. Although a hex 1s the desired wrench engaging

10

15

20

25

30

35

40

45

50

55

60

65

2

shape 1t 1s readily understood that the outer periphery could
take on many different wrench engaging polygonal shapes. A
central hole, which 1s generally non-round, 1s provided in the
laminated stack for the tension sleeve.

The center tension sleeve of the nut structure extends from
the top to the bottom of the laminated stack. The sleeve may
be contiguous or may use one or a series of slits 1n a vertical
direction between the top and bottom of the nut structure to
tacilitate inward movement under load. The slits may also be
angled. The shape of the outer periphery of the tension sleeve
1s also generally non-round and conforms to the shape of the
central hole 1n the laminated stack to resist rotation from the
wrenching forces applied on the outer hex shape of the lami-
nated stack during loading. The hole i each disc in the
laminated stack may include radiused recesses making it
non-round. The shape of the outer periphery of the tension
sleeve and the shape of the central hole in the laminated stack
may take a variety ol different shapes to resist rotation
between them. The mnner periphery of the center tension
sleeve 1s threaded to conform to the threads of a complemen-
tary bolt or stud. Tap forming the threads 1s a method utilizing
controlled pressure as opposed to cutting to produce threads
in a hole. When used on a round tension sleeve after nut
assembly, the tap will cause flowing of the material around the
outer periphery of the tension sleeve mto the recessed radi-
used notches 1n the central hole of the laminate disc to create
the non-round anti-rotational feature.

The center tension sleeve also serves as the assembly
means for the laminated stack. The sleeve extends completely
through and beyond upper and lower edges of the central hole
in the laminated stack of discs. The center sleeve 1s flanged at
the top 1n order to fold over onto the upper disc of the lami-
nated stack and retain the laminated stack between the tlange
and bottom component, which may be the bottom most spring
disc, a free spinning washer or a fixed washer. The bottom of
the center sleeve 1s mechanically attached to the component
via a flared out section of the center sleeve to make the nut a
solid unait.

To assemble the nut to a correspondingly sized bolt,
wrenching forces are applied to the outer hex shaped sides of
the laminated stack. The upper flange on the center sleeve
provides 1mitial loading from the top to the bottom of the nut.
The loading causes the conical shaped spring laminations to
deflect; the tension sleeve travels the dimension related to the
laminations deflection. Due to the geometry the internal
diameter of the bore 1n the laminate decreases as 1t 1s deflected
from 1ts conical state toward a flat state. Further, part of the
vertical load force 1s now transferred to the outside walls of
the tension sleeve countering the vertical movement of the
tension sleeve and reduces loading of the flange, as these load
forces are now partially angular or radially applied to the
tension sleeve. The increased loading resulting from the
wrench torqueing will cause a reduction of the tension sleeve
diameter and reduce the designed clearance between the nut
and bolt threads. This reduction 1n thread gap clearance and
sidewall pressure combined with the spring characteristics of
the conical laminations will act to resist counter rotation. The
tension sleeve nut assembly of the present invention, as
opposed to other forms of laminated nuts, can contribute
complementary bolt stretch characteristics in the bolt-stretch
load range. The radial forces on the sleeve at the point of
lamination detlection combined with increased friction sup-
ports the majority of the bolt loading. It will be appreciated
that design of the nut configuration, material used, material
thickness and clearance dimensions can be altered and are
dictated by desired performance of the nut and bolt assembly.
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A primary object of the present invention is the provision of
a laminated nut structure that equalizes thread load distribu-
tion forces along the bolt and nut mating surfaces.

Another object of the present invention 1s the provision of
a laminated nut structure that minimizes loosening, thread
damage and failure of the nut and bolt assembly due to uneven
loading of wrenching forces and significantly improves both
nut and bolt reuse.

Yet another object of the present invention 1s to reduce the
friction caused by uneven load distribution of the thread load-
ing from bottom to top which 1s characteristic of solid nuts.
The torque-tension relationship uniformity 1s enhanced and
reusability 1s improved.

Another object of the present invention 1s the provision of
a laminated nut structure that eliminates threads on the lami-
nations stack.

It 1s an object to use the present invention as a lug nut on
vehicles, acrospace, commercial structural, and other general
fastening applications.

Other objects and advantages of the present invention will
become apparent from the following detailed description
when viewed 1n conjunction with the accompanying draw-
ings, which set forth certain embodiments of the mvention.

DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a laminated nut 1n accor-
dance with the present invention.

FIG. 2 15 a top plan view thereof.

FIG. 3 15 a sectional view taken along lines 3-3 of FIG. 2.

FI1G. 4 15 a plan view of the center tension sleeve.

FI1G. 5 15 a sectional view taken along the lines 5-5 of FIG.

FIG. 6 1s a plan view of a conical spring disc.

FI1G. 7 1s a side view of a conical spring disc.

FIG. 8 1s a sectional view of a second embodiment of a
laminated nut without a separate washer.

FIG. 9 1s a plan view of the center tension sleeve shown 1n
FIG. 8.

FIG. 10 1s a perspective view of the center tension sleeve
shown 1n FIG. 8.

FIG. 11 1s a perspective view of a solid tension sleeve.

FI1G. 12 1s a perspective view of a split tension sleeve.

FI1G. 13 1s a top perspective view of a third embodiment.

FIG. 14 1s a bottom perspective view of the nut shown in
FIG. 13.

FIG. 15 1s a sectional view of the laminated nut shown in
FIG. 13.

FIG. 16 1s a perspective view of a first tension sleeve
member with a conical washer positioned thereabout and
prior to integration with the conical spring discs so as to form
the present nut.

FIG. 17 1s a perspective view ol a two piece tension sleeve
prior to integration with the conical spring discs so as to form
the present nut.

FI1G. 181s aplan view of a conical spring disc in accordance
with the third embodiment.

FI1G. 19 1s a sectional view of the laminated nut wherein the
tension sleeve operates as a spacet.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The detailed embodiments of the present invention are
disclosed herein. It should be understood, however, that the
disclosed embodiments are merely exemplary of the mven-
tion, which may be embodied in various forms. Therefore, the
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details disclosed herein are not to be interpreted as limiting,
but merely as the basis for the claims and as a basis for
teaching one skilled 1n the art how to make and/or use the
invention.

Referring to FIGS. 1 to 7, a laminated nut 10 15 disclosed.
The laminated nut 10 includes a conical spring, top disc 12a
and a conical spring, bottom disc 124 stacked upon each other
defining a laminated stack 16 having a common central bore
14 and an outer wrench engaging surface 25. The laminated
nut 10 further includes a generally cylindrical tension sleeve
18 located in the central bore 14. The tension sleeve 18 has an
outer wall 24 shaped and dimensioned to substantially con-
form with the shape of said central bore 14 and an 1nner wall
34 which includes threads 35.

Thetension sleeve 18 has afirstend 37 and a second end 38.
The first end 37 of the tension sleeve 18 includes an outwardly
extending upper flange 20 and the second end 38 includes an
outwardly extending bottom flange 30. The upper flange 20
and the bottom flange 30 are shaped and dimensioned to
retain the top disc 12q and the bottom disc 124 1n a stacked
relation with the tension sleeve 18 fixedly secured within the
laminated stack 16.

More particularly, the laminated nut 10 includes a series of
hex-shaped, conical spring discs 12a-d forming a laminated
stack 16. While four discs are disclosed 1n accordance with a
preferred embodiment of the present invention, as few as two
discs or more than four discs may be used without departing
from the spirit of the present invention. Each disc 12a-d
includes a central bore or hole and, as such, when the discs
12a-d are stacked 1n accordance with the present mvention
they define a central bore 14 of the laminated stack 16.

Each of the discs 12a-d includes an obliquely oriented
surface. Specifically, each disc 12a-d 1s conical in shape and
1s angled from the horizontal by an angle (a2). The angle can
be varied to adjust the spring rate of the disc. It 1s contem-
plated that the angle (a2) would be between approximately six
and approximately twenty degrees, however, and 1n accor-
dance with a preferred embodiment, an angle of approxi-
mately 18 degrees has been found to be very effective. The
cone angle (a2) 1s dependent on basically the same design
criteria as used in the design of conical washers; that 1s,
material thickness; outside diameter; inside diameter; and
load requirements. The threaded tension sleeve type lami-
nated nut 10 of the present invention can tolerate a higher
cone angle (a2) for each disc than other types of laminated
nuts because the disc making up the laminations are not
threaded and the loads are distributed 1n different planes. The
greater the angled surface of the disc, the larger will be the
force applied to central tension sleeve 18.

The assembled laminated nut 10 includes a threaded cen-
tral tension tube or sleeve 18. The tension sleeve 18 includes
a first end 37 and second end 38. The first end 37 1s provided
with a rolled over, outwardly extending upper flange 20. The
outer edge 22 of the upper flange 20 1s hex shaped to corre-
spond with the shape of the hex shaped spring discs 12. The
angle (a2) of the conical spring discs 12a-d corresponds to
angle (al) formed by the upper flange 20 and the horizontal
line running across the top of the laminated nut 10. Thus, the
spring discs 12a-d are able to mate with the upper flange 20
when 1n an unloaded state.

Once threaded by formed tapping, the outer periphery or
wall 24 of the tension sleeve 18 1s of a non-round shape that
corresponds to the non-round shape of the central bore 14
whereby the tension sleeve 18 1s fixedly coupled 1n the central
bore 14 of the laminated stack 16. In the embodiment
described above, the non-round shape of the central bore 14
may be formed by including radiused notches 26, best seen in
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FIG. 6, that correspond to mating projections 28 on the ten-
sion sleeve 18 to prevent rotation between the parts. The depth
of each notch could be adjusted depending upon the desired
use for the nut assembly, however, 1t 1s contemplated that the
depth would be between 30 to 50% of the thread depth.
Further, it 1s contemplated that various other mating shapes
could be formed between the sleeve outer periphery and cen-
tral bore of the laminated stack, so long as they mate and
prevent rotation of one part relative to the other.

The second end 38 of the tension sleeve 18 includes a lower
part or portion which 1s composed of an outwardly extending,
bottom flange 30 of the tension sleeve 18. In accordance with
a preferred embodiment, the bottom tlange 30 1s mechani-
cally attached to a washer 32 such that the tension sleeve 18
maintains the laminated stack 16 assembled when the upper
flange 20 1s rolled over against the top surface 17 of the top
disc 12a and the bottom flange 30 of the tension sleeve 18 1s
angled into engagement with the angled bore 31 1n the washer
32. The cylindrical mner peripheral wall 34 of the tension
sleeve 18 1s threaded to match the thread configuration of a
bolt (not shown) used in combination therewith. As previ-
ously stated, the center tension sleeve 18 1s provided with an
extended length or portion 30 to facilitate attachment to the
washer 32 by bending or flaring the length 30 to form the
bottom flange that 1s 1n frictional engagement with the angled
bore 31 in the washer 32. The washer 32 1s then Iree to spin as
the laminated stack 16 1s rotated.

Two basic center tension sleeve structures are contem-
plated, a solid extruded tube as shown 1n FIG. 11 and a split
tube with a gap 40 as shown 1n FIG. 12 (both embodiments of
the tension sleeve are assigned reference numeral 18 as they
are similar parts and may be used interchangeably). The split
tube tension sleeve 18 shown in FIG. 12 has a controlled gap
s1ze that after assembly with the comical spring discs 12a-d
will result 1n an almost zero size gap. As previously stated, the
discs 12a-d would have a non-round inside diameter as best
shown 1n FIG. 6. The tri-lobular configuration shown has
three curved notches 26 wherein the apex or center depth of
cach curved notch or lobe 1s 30% of the total thread depth on
tension sleeve 18. The inward pressure on the tension sleeve
18 created by the discs 12a-d as they flatten out also aids 1n
preventing rotation between the tension sleeve 18 and lami-
nated stack 16. To assemble the laminated nut 10 to a corre-
spondingly sized bolt, wrenching forces are applied to the
outer hex shaped sides of the laminated stack 16. The upper
flange 20 on the center tension sleeve 18 provides initial
loading from the top to the bottom of the laminated nut 10
until the loading forces are transierred to the mner threaded
wall 34 of the tension sleeve 18 as a result of the reduction of
the diameter of the central bore 14 of the laminated stack 16.
Continued torqueing force causes the laminated stack 16 and
tension sleeve 18 to move together, detlecting the laminated
stack 16. This causes the central bore 14 of the laminated
stack 16 to reduce 1n s1ze and apply force on the outer wall 24
of the tension sleeve 18. The inward radial pressure resulting
from the central bore reduction of the laminated stack 16
counters the vertical movement of the tension sleeve 18 and
reduces loading on the upper tlange 20 of the tension sleeve
18. The radial forces on the tension sleeve 18 at the point of
lamination deflection support and equally distribute the
majority ol the boltloading along the entire threaded length of
the tension sleeve 18. The radial forces on the tension sleeve
18, 1n the upper range of the bolt loading, reduce thread
clearance between the bolt and laminated nut 10 that, in turn,
controls resistance to counter rotation and loosening.

In accordance with a second embodiment as shown in
FIGS. 8-10, the tension sleeve 118 may be cylindrical and
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include gussets 129 1n the upper flange 120, thus eliminating
the need for the outer wall of the sleeve to be non-round. The
gussets 129 are shaped and dimensioned to engage the lami-
nate stack 116 to prevent rotation between the tension sleeve
118 and laminate stack 116 formed of conical spring discs
112a-d. This second embodiment 1s shown not to include the
washer 32 disclosed with reference to the embodiment
described above, as the outwardly extending bottom flange
130 directly engages the bottom surface 119 of disc 1124 and
functions to retain the discs 112a-d 1n their stacked configu-
ration.

The threads 35, 135 1n center tension sleeve 18, 118 are
preferably tap formed, however, it 1s contemplated that cut
tapping could be used to form the threads. Thread forming
taps would function to flow the outer wall matenial of the
tension sleeve 1nto and fill the recesses 1n the laminations.
Thread forming taps have no cutting grooves to cut or remove
material in the tapping process. The taps are designed with a
series of small lobes on their outer periphery. The taps are
hardened and tempered to have very high compressive
strength and shock resistance. When form tapping the starting
hole size of the nut or solid material 1s proportionally larger
than that used for a cutting tap. The small lobes, several per
thread pitch, move the metal through displacement under
pressure. The size of the hole 1s basically the pitch diameter of
the thread. Material 1s displaced outward and inward to form
the thread. When you form tap a thin walled tube like the
sleeve 1n the present invention, the sleeve must be first placed
in a supporting cavity or the outgoing pressures will expand
the walls of the sleeve and the thread will not be fully formed.
Another nuance of the tap forming threads will be the creation
of a small ring formed in the outer wall of the sleeve by the
pressure filling the slight crevices at the edges of each adjoin-
ing conical spring disc. Rolled formed threads are stronger
because the maternial 1s 1n compression and more accurate
than cut threads and have a lower coellicient of {riction than
cut threads. Thus, tap forming threads 1s a method of nut
tapping without cutting the material and may be used to form
the sleeve wall to {ill the recessed notches 26 1n the lamina-
tions 1nside diameter.

Reterring to FIGS. 13 to 20, a laminated nut 210 1n accor-
dance with a third embodiment of the present invention 1s
disclosed. The laminated nut 210 includes a conical spring,
top disc 212a and a conical spring, bottom disc washer 212e¢
stacked upon each other defining a laminated stack 216 hav-
ing a common central bore 214 and a polygonal outer wrench
engaging surface or circumierence 225. The laminated nut
210 turther includes a generally cylindrical two piece tension
sleeve 218 located 1n the central bore 214 of the laminated
stack 216. The tension sleeve 218 has an outer wall 224
shaped and dimensioned to substantially conform with the
shape of said central bore 214 and an inner wall 234 which
includes threads 2335 when the laminated nut 1s formed.

The tension sleeve 218, as shown 1n FIG. 17, 1s formed 1n
two parts, that 1s, a first tension sleeve member 218q and a
second tension sleeve member 21854. The tension sleeve 218,
as defined by the first tension sleeve member 2184 and the
second tension sleeve member 2185, includes a first end 237
and a second end 238. The first end 237 of the tension sleeve
218 includes an outwardly extending upper flange 220. In
accordance with a preferred embodiment, and with reference
to FIGS. 15 and 19, the second end 238 of the tension 1s
tabricated so as to include an extending length 230 which may
be selectively formed in two different manners during the
manufacturing process for the present nut 210. In accordance
with a first embodiment, the extended length 230 at the sec-
ond end 238 of the tension element 218 1s forced outwardly so
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as to form the bottom flange 231 as shown 1n FIGS. 14 and 15.
In accordance with an alternate embodiment, the extended
length 230 1s allowed to remain 1n 1ts extended form so as to
function as a flanged spacer 233 as shown 1n FIG. 19. Refer-
ring to the embodiment shown with reference to FIGS. 13-15
& 19, the upper tlange 220 and the bottom flange 231 or 233
are shaped and dimensioned to retain the top disc 2124 and
the bottom disc washer 212¢ in a stacked relation with the
tension sleeve 218 fixedly secured within the laminated stack
216 to rotate together as a unit.

When held within the central bore 214 of the laminated
stack 216 with the outer wall 224 of the tension sleeve 218 1n
engagement with the inner wall 2135 of the central bore 214,
the edges of the first tension sleeve member 218a and the
second tension sleeve member 2185 are separated by a small
space 1nto which a projection 213 of the laminated stack 216
fits for mtegrating the stack 216 with the tension sleeve 218.
With this 1n mind, the first tension sleeve member 218a 1s
constructed 1n the following manner. The first tension sleeve
member 218a includes a first end 2374 and a second end
238a. The first end 237a of the first tension sleeve member
218a includes an outwardly extending upper flange 220a. The
second end 238a of the first tension sleeve member 218a
includes an outwardly extending length which 1s formed into
a portion of bottom flange 231 as shown with reference to the
embodiment disclosed 1n FIGS. 13-15 or, and 1n accordance
with an alternate embodiment, may be of an extended length
to Tunction as a portion of the flanged spacer 233 as shown
with reference to the embodiment disclosed 1n FIG. 19. The
upper flange 220q and the bottom flange 231 are shaped and
dimensioned to retain the top disc 212a and the bottom disc
washer 212¢ 1n a stacked relation with the tension sleeve 218
fixedly secured within the laminated stack 216.

The first tension sleeve member 2184 also includes a sub-
stantially semi-circular cross sectional configuration when
viewed along a plane extending perpendicular to the longitu-
dinal axis of the tension sleeve 218. Accordingly, the first
tension sleeve member 2184 includes a first lateral edge 2504
and a second lateral edge 252a with the concave cross sec-
tional extent of the first tension sleeve member 218a extend-
ing therebetween

The second tension sleeve member 21856 1ncludes a first
end 2376 and a second end 238b. The first end 2375 of the
second tension sleeve member 2185 includes an outwardly
extending upper flange 2205. The second end 2386 of the
second tension sleeve member 2185 includes an outwardly
extending length 230 which 1s formed into a portion of the
bottom flange 231 as shown with reference to the embodi-
ment disclosed 1in FIGS. 13-15 or, and 1n accordance with an
alternate embodiment, may be of an extended length to func-
tion as a portion of the spacer 233 as shown with reference to
the embodiment disclosed 1n FI1G. 19. The upper flange 2205
and the bottom flange 2315 are shaped and dimensioned to
retain the top disc 212a and the bottom disc washer 212¢ 1n a
stacked relation with the tension sleeve 218 fixedly secured
within the laminated stack 216.

The second tension sleeve member 2185 also includes a
substantially semi-circular cross sectional configuration
when viewed along a plane extending perpendicular to the
longitudinal axis of the tension sleeve 218. Accordingly, the
second tension sleeve member 2185 includes a first lateral
edge 2506 and a second lateral edge 2525 with the concave
cross sectional extent of the second tension sleeve member
218b extending therebetween.

More particularly, the laminated nut 210 includes a series
of polygonal shaped, preferably hex-shaped, conical spring
discs 212a-d and disc washer 212¢ forming a laminated stack

10

15

20

25

30

35

40

45

50

55

60

65

8

216. While five discs are disclosed in accordance with a
preferred embodiment of the present invention, as few as two
discs or more than five discs may be used without departing
from the spirit of the present invention. Each disc 212a-¢
includes a central bore or hole and, as such, when the discs
212a-e are stacked in accordance with the present invention
they define a central bore 214 of the laminated stack 216.
Further, the mside diameter of each disc includes opposed
projections 213. The projections 213 are shaped and dimen-
sioned to fit within the voids 240a, 2405, best shown 1n FIG.
17, separating the first tension sleeve member 2184 from the
second tension sleeve member 2185, more particularly,
between the first lateral edge 250qa of the first tension sleeve
member 218a and the first lateral edge 2505 of the second
tension sleeve member 2185, and between the second lateral
edge 2525 of the first tension sleeve member 2184 and the
second lateral edge 2525 of the second tension sleeve member
2186. When form tapping to form threads 235 the discs
212a-e and first tension sleeve member 218a and the second

tension sleeve member 2185 are unified. The tapping causing
the projections 213 to fill the voids 240a and 24056 between
the first tension sleeve member 218a and the second tension
sleeve member 218b. With the projections 213 {filling the
voids 240a, 2405, and the tension sleeve 218 held within the
central bore 214 of the laminated stack 216 with the outer wall
224 of the tension sleeve 218 1n engagement with the inner
wall 215 of the central bore 214, the tension sleeve 218 is
cifectively locked with the discs 212a-¢ for rotational move-
ment with the tension sleeve 218.

The top four discs 212a-d are generally 1dentical as shown
in FIGS. 13 and 15. As will be appreciate based upon the
following disclosure the bottom disc washer 212e 1s slightly
different from the discs positioned above 1t. Each of the four
upper discs 212a-d includes an obliquely oriented surface.
Specifically, each disc 212a-e 1s conical in shape as discussed
above.

With reference to the bottom disc washer 212e it 1s shaped
such that when the tension sleeve 218 moves downward as the
laminated nut 210 1s tightened, the discs 212 are deflected and
the bottom disc washer 212e¢ contacts the loaded surface
interface preventing the second end 238 of the tension sleeve
218 from ever reaching the loaded surface interface. In fact,
the present nuts optimum load occurs at 75% to 90% of the
load to flatten the discs 212a-e and provide protection from
being over torqued. As a result, measuring the height of a
fastened nut in accordance with present invention may be
used to evaluate istalled load and subsequent 1n service
inspection and load retention. Initial loading of the laminated
nut 210 begins at both the top and bottom of the laminated nut
210 and results in more even thread loading top to bottom than
a solid nut. High stress at the bottom threads 1s reduced by this
design. Detlection of the discs also reduces the internal diam-
cter of the tension sleeve 218 and designed thread clearance,
increasing thread contact area and resulting in higher load
capacity and anti-rotational friction.

More particularly, and with reference to FIG. 15, the bot-
tom disc washer 212¢ 1ncludes first and second angled sec-
tions 241, 242. Each of the first and second angled sections
241, 242 are annular and include an outer circumference 248,
250, respectively. With reference to the first angled section
241, 1t 1s shaped substantially to conform with the four upper
discs 212a-d and therefore includes an obliquely oriented
surface. Specifically, first angled section 241 1s conical 1n
shape and 1s angled from the horizontal by an angle (a2). As
with the four upper discs 212a-d, the angle can be varied to
adjust the spring rate of the disc. With regard to the second
angled section 242, 1t also includes an obliquely oriented
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surface. However, the second angled section 242 1s conical in
shape and 1s angled from the hornizontal by an angle (a3)
which 1s greater than the angular orientation (a2) of the sec-
ond angled section 242. As a result, the second angled section
242 extends downwardly from the outer circumierence 248 of
the first angled section 241 such that the outer circumierence
250 of the second angled section 242 1s positioned for contact
with the loaded surface upon application of the present nut.

As brietly discussed above, the assembled laminated nut
210 includes a threaded central tension tube or tension sleeve
218 formed 1n two pieces. The tension sleeve 218 includes a
firstend 237 and second end 238. The firstend 237 1s provided
with arolled over, outwardly extending upper flange 220. The
outer edge of the upper flange 220 may be hex shaped to
correspond with the shape of the hex shaped spring discs
212a-e. The angle (a2) of the conical spring discs 212a-d
corresponds to angle (al) formed by the upper flange 220 and
the horizontal line running across the top of the laminated nut
210. Thus, the spring discs 212a-d are able to mate with the
upper flange 220 when 1n an unloaded state.

Once threaded by formed tapping, the tension sleeve 218
and discs 212a-e are unmfied.

The second end 238 of the tension sleeve 218 1ncludes a
lower part or portion which 1s composed of an outwardly
extending bottom flange 231 or 233 of the tension sleeve 218.
The bottom flange 231 or 233 1s directly linked to the bottom
surface of the bottom disc washer 212¢ such that the tension
sleeve 218 maintains the laminated stack 216 assembled
when the upper flange 220 1s rolled over against the top
surface 217 of the top disc 2124 and the bottom flange 231 or
233 of the tension sleeve 218 1s angled into engagement with
the bottom surface of the bottom disc washer 212e.

A cylindrical inner peripheral wall 1s formed when thread
tapping, which 1s composed of the tension sleeve 218 and
projections 213 being unmified as the projections tlow to fill
voids 240a and 240b. The formed cylinder i1s threaded to
match the thread configuration of a bolt (not shown) used in
combination therewith. As previously stated, the center ten-
s1on sleeve 218 1s provided with an extended length or portion
230 to facilitate attachment to the bottom surface of the bot-
tom disc washer 212¢ by bending or flaring the length 230 to
form the bottom flange 231 that 1s 1n frictional engagement
with the angled bore 1n the bottom disc washer 212e or alter-
native the extended length 230 1s bent such that an oifset
portion 233a contacts the bottom disc washer 212¢ and a
downwardly extending second portion 2335 extends there-
from along an axis substantially parallel to that of the remain-
der of the tension sleeve 218. The downwardly extending
portion 2335 1s straight and functions as a spacer. The spacer
1s designed to reduce the wheel hub hole size, that i1s, the
spacer fits into the hole thereby reducing the diameter of the
hole. The holes 1n heavy duty tractor-trailer wheel hubs are
designed with larger holes to accommodate assembly of the
wheel to the hub. The larger holes are a significant cause of
wheel nuts loosening. Spacers are currently used, however,
the present combination of a nut and spacer will save labor
and the loss of spacers.

The offset portion 233¢a functioning as a bottom flange for
the nut 210. The mside diameter of the spacer portion 2335 1s
larger than the stud or bolt s1ze onto which the assembly 1s to
be fitted. The wall thickness of downwardly extending second
portion 2335 1s thinner than the threaded portion 235 of sleeve
218. This1s preferably accomplished 1n a coining operation as
the first and second tension sleeve members 218a, 2185 are
stamped 1n the die. The offset portion 233aq 1s set vertically 1n
an assembly die, and the bottom large washer 212e¢ added.
The four conical washers 212a-d are then added, and a punch
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supports the bottom of the assembly at the offset portion
233a. The upper flange 220a, 22056 1s then forced down-
wardly and formed so as to conform with the upper surface of
the conical disc 212a. Tapping 1s then performed from the
bottom.

The spring discs, tension sleeve and washer may be made
of various materials such as high carbon steel, medium car-
bon steel, stainless steel or steel alloy. It also would be pos-
sible to make sleeves of non-corrosive materials for special
applications such as electrical conductivity or reduction of
clectrolysis.

It will be appreciated that changes, variations and modifi-
cations may be made to the laminated nut structure of the
present mnvention without departing from the spirit and scope
ol the present invention.

While the preferred embodiments have been shown and
described, 1t will be understood that there 1s no intent to limait
the invention by such disclosure, but rather, 1s itended to
cover all modifications and alternate constructions falling
within the spirit and scope of the invention.

The invention claimed 1s:

1. A laminated nut, comprising:

a conical spring, top disc and a conical spring, bottom disc
stacked upon each other defining a laminated stack hav-
ing a common central bore and a polygonal shaped outer
wrench engaging surface;

a generally cylindrical tension sleeve located 1n said central
bore, the tension sleeve having an outer wall shaped to
substantially conform with the shape of said central bore
and an inner wall which 1s threaded;

said tension sleeve having a first end and a second end, the
first end of the tension sleeve including an outwardly
extending upper flange and the second end 1including an
outwardly extending bottom flange, the upper flange and
the bottom flange being shaped and dimensioned to
retain the top disc and the bottom disc 1n a stacked
relation with the tension sleeve fixedly secured to the
laminated stack, such that the conical spring discs and
tension sleeve rotate together as a unait.

2. The laminated nut according to claim 1, further includ-
ing a washer positioned between the bottom flange and the
bottom disc of the laminated stack.

3. The laminated nut according to claim 1, further includ-
ing at least one conical spring disc positioned between the top
disc and the bottom disc.

4. The laminated nut according to claim 3, further includ-
ing a plurality of conical spring discs positioned between the
top disc and the bottom disc.

5. The laminated nut according to claim 1, wherein the
central bore of the laminated stack 1s non-round.

6. The laminated nut according to claim 5, wherein the
central bore includes curved radiused areas about its circum-
ference.

7. The laminated nut according to claim 6, wherein the
threads along the inner wall of the tension sleeve are form
tapped and force material into the radiused areas.

8. The laminated nut according to claim 1, wherein the
tension sleeve 1s split along its length.

9. The laminated nut according to claim 1, wherein the
upper flange includes gussets.

10. The laminated nut according to claim 1, wherein the
tension sleeve 1s a cylindrical two piece tension sleeve com-
posed of a first tension sleeve member and a second tension
sleeve member having opposed edges.

11. The laminated nut according to claim 10, wherein
edges of the first tension sleeve member and the second ten-
sion sleeve member are separated by voids mmto which a




US 7,922,434 B2

11

projection of the laminated stack fits for integrating the lami-
nated stack with the tension sleeve.

12. The laminated nut according to claim 10, wherein the
first tension sleeve member also includes a substantially
semi-circular cross sectional configuration when viewed
along a plane extending perpendicular to a longitudinal axis
ol the tension sleeve and the second tension sleeve member
also 1ncludes a substantially semi-circular cross sectional
configuration when viewed along a plane extending perpen-
dicular to a longitudinal axis of the tension sleeve.

13. The laminated nut according to claim 12, wherein the
outwardly extending bottom flange includes an offset portion
and a downwardly extending second portion extending there-
from along an axis substantially parallel to that of the remain-
der of the tension sleeve.

14. The laminated nut according to claim 13, wherein the
second portion 1s spacer and extends straight from the offset
portion.

15. The laminated nut according to claim 1, wherein the
conical spring, bottom disc 1s shaped to extend below the
second end of the tension sleeve.

16. The laminated nut according to claim 15, wherein the
conical spring, bottom disc includes a first angled section and
a second angled section.

17. The laminated nut according to claim 16, wherein the
first angled section 1s conical in shape and 1s angled from the
horizontal by an angle (a2), and the second angled section 1s
conical 1n shape and 1s angled from the horizontal by an angle
(a3) which 1s greater than the angular orientation (a2) of the
second angled section.

18. A laminated nut, comprising:

a conical spring, top disc and a conical spring, bottom disc

stacked upon each other defining a laminated stack hav-

10

15

20

25

30

12

ing a common central bore and a outer wrench engaging,
surface, the conical spring disc including projections;

a two-piece tension sleeve located 1n said central bore, the

tension sleeve having a first tension sleeve member and
a second tension sleeve member having opposed edges
and an outer wall shaped to substantially conform with
the shape of said central bore and an inner wall which 1s
threaded:

the tension sleeve having a first end and a second end, the

first end of the tension sleeve including an outwardly
extending upper flange and the second end 1including an
outwardly extending bottom flange, the upper tlange and
the bottom flange being shaped and dimensioned to
retain the top disc and the bottom disc 1n a stacked
relation with the tension sleeve fixedly secured to the
laminated stack, such that the conical spring discs and
tension sleeve rotate together as a unit; and

wherein the edges of the first tension sleeve member and

the second tension sleeve member are separated by voids
into which the projections of the conical spring discs {it
for integrating the laminated stack with the tension
sleeve.

19. The laminated nut according to claim 18, wherein the
outwardly extending bottom flange includes an ofiset portion
and a downwardly extending second portion extending there-
from along an axis substantially parallel to that of the remain-
der of the tension sleeve.

20. The laminated nut according to claim 19, wherein the
second portion 1s spacer and extends straight from the offset
portion.
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